Objective: Fluorides can cause corrosion and degradation in mechanical properties of commonly used archwires by forming hydrofluoric acid HF and causing disruption of protective titanium oxide layer. Hence, the aim of this study was to assess the change in load deflection characteristics of Ni-Ti, Cu Ni-Ti, S.S, and β-Ti wires on immersing in fluoride mouth rinses of two types-Phosflur and neutral NaF mouth rinse utilizing a modified bending test and comparing it to control. Materials and Methods: Round preformed wires were immersed in 10 ml of control and test solution (Phosflur and S-Flo mouth rinse) for 1.5 hours and incubated at 37 o C. Modified bending test was carried out to evaluate load-deflection characteristics of different wires using Instron. Analysis of variance (ANOVA) was applied to determine if statistically significant difference exist among the mean load values obtained at various deflections in control and test solutions. Results: There was no statistically significant reduction in load deflection characteristics of NiTi, copper Ni-Ti, β-Ti, and S.S wires on immersing in Phosflur mouth rinse and neutral sodium fluoride mouth rinses as compared to control at 2.5 and 1 mm of deflection in unloading phase. Conclusion: Phosflur and a neutral sodium fluoride mouth rinse did not affect the mechanical bending properties of Ni-Ti, copper Ni-Ti, B-Ti, and SS wires in in vitro conditions.
The degradation in the mechanical properties of different archwire alloys in presence of fluorides has been reported in previous studies. [14] [15] [16] [17] [19] [20] [21] This has raised a concern on the use of fluorides throughout the course of orthodontic treatment. Generally, stainless steel and titanium based arch wire alloys are used in different stages of comprehensive orthodontic treatment in accordance with concept of "Variable modulus orthodontics". [22] Taking these facts into consideration, the effect of fluorides on these different archwire alloys popularly used in orthodontic treatment should be evaluated.
The assessment of degradation in mechanical properties of wires in presence of fluorides has been carried out previously by performing tensile strength tests, [15] delayed fracture tests, [16] microhardness tests [20, 23] and by evaluating elastic modulus and yield strength. [19, 21] None of these tests simulated the conditions encountered clinically when the wire is tied into the brackets.
Two of the recent studies [19, 21] evaluating elastic modulus and yield strength of titanium based and S.S wires in presence of Fluoride had been a preventive and therapeutic agent in controlling demineralization. [1] [2] [3] [4] [5] [6] [7] [8] But, it can also cause corrosion of titanium-based and stainless steel archwire alloys [9] [10] [11] [12] [13] which are otherwise known to possess good corrosion resistance. This had been attributed to disruption of titanium oxide layer; hence, the archwire alloy loses its passivating effect and hydrogen embrittlement can occur. [9] [10] [11] [12] [14] [15] [16] [17] Another issue of concern had been whether these products can affect the physical properties and the clinical performance of the orthodontic appliances.
fluorides have used three point bending test. Although this test offers reproducibility and facilitates comparison across studies, it does not simulate the conditions encountered clinically at the wire-bracket interface. Clinically, as the wire is tied in the brackets, it is constrained and deflected but this is not simulated in three-point bending test. [24] Three-bracket bending [24] and modified bending tests [25] [26] [27] [28] are used in an attempt to evaluate mechanical behavior of archwire alloys in conditions similar to those encountered clinically. Most of the previous studies [14] [15] [16] [17] [19] [20] [21] have investigated degradation in mechanical properties of wires in high concentration fluoride gels and not in the low concentration commercially available fluoride rinses which are routinely prescribed.
Hence, this study was undertaken to evaluate the load deflection characteristics of S.S, Ni-Ti, copper Ni-Ti and β-Ti wires on immersion in commercially available, fluoride mouth rinses (acidulated and neutral) using the modified bending test and comparing the results to control.
MATERIALS AND METHODS
Wires-0.016" round wire of Ormco Corporation were taken of four different types-Nickel titanium, copper nickel titanium, β-titanium, and stainless steel. Fifteen wire samples were taken of four different wire groups, thereby total of 60 wires were tested in the study. Composition of these wires is given in [ Table 1 ].
Control and test solution-The control solution used was distilled, sterile water. The fluoride agents were low concentration fluoride mouth rinses-Phosflur mouth rinse (0.5% acidulated sodium fluoride; 0.044%w/v of fluoride; pH 4.39; lot no 806210, Colgate-Palmolive) and S-Flo mouth rinse (neutral sodium fluoride rinse; pH 5.28; 0.2% w/v fluoride; lot no. BSO9001, Dr. Reddy's Laboratories).
Acrylic jig for modified bending test-Heat cure acrylic jig simulating maxillary archform of ovoid form from the template-Sym-grid was made as shown in [ Figure 1 ]. Standard edgewise brackets and tubes (022 slot, American Orthodontics) with no tip and torque were bonded at interbracket distance derived from typical tooth dimension for a male maxillary permanent dentition. Load site simulated malaligned central incisor; hence, this area was cut in acrylic.
Specimen preparation-Preformed archwires were incubated at 37 o C in petridish with 10 ml of either of the solution tested (acidulated and neutral fluoride rinse) or distilled water as this is the amount prescribed for daily mouth rinsing. Wires were incubated for 1.5 hrs so as to simulate exposure time of 3 months of 1-minute daily topical fluoride application as also being followed in previous studies. [19, 21] Testing apparatus-A universal testing machine (Instron) with 0.020 KN load cell, operable in reverse mode and at a cross head speed of 1 mm/min was used for modified bending testing. Preformed wires that were immersed in either fluoride mouth rinses or distilled water were ligated to the brackets using stainless steel ligature ties of 3 cm uniform length by the same operator. Each ligature wire was turned five times around each bracket and not tucked under the archwire to have uniformity in the procedure. Wire was deflected at the desired site in labio-lingual manner for greater positional accuracy and stability as shown in [ Figure 2 ]. The wire was deflected to 3 mm and then unloaded to zero deflection at same crosshead speed. Load in kN and deflection in mm was plotted on graph paper as well as on computer attached to machine.
Statistical analysis
Descriptive statistics included mean and standard deviation. A one-way analysis of variance (ANOVA) was used to determine statistically significant differences among the mean load values obtained at various deflections in control and test solution.
RESULTS
Load value measurements were calculated at two deflection points -1 mm and 2.5 mm as shown in [Tables 2 and 3] , respectively, during unloading phase. As unloading behavior of the wire represented the force delivery characteristics of that wire during function in an orthodontic appliance, load value measurements were calculated during unloading phase.
The results of ANOVA as shown in [Tables 4 and 5 ] for 1 mm and 2.5 mm, respectively, indicated that there was no statistically significant reduction in load deflection characteristics of Ni-Ti, copper Ni-Ti, β-Ti, and S.S wires on immersing in Phosflur and neutral sodium fluoride mouth rinse as compared to control. Representative load deflection graphs are shown in for different wire groups.
For intraoperative error, measurements were repeated after 20 days on two new wire samples each in control Effect of fluoride mouth rinses on various orthodontic archwire alloys Srivastava, et al. 
DISCUSSION
To prevent enamel demineralization as a result of compromised oral hygiene, fluoride mouth rinses for home use is an accepted protocol in orthodontic patients.
Many studies have reported corrosion [9] [10] [11] [12] 29] and deterioration in mechanical properties [14] [15] [16] [17] [19] [20] [21] 23, 30] of pure titanium and titanium-based alloys in presence of fluorides. None of these studies assessed degradation in the mechanical properties by three-bracket bending [24] or modified bending tests [25,-28] which are thought to simulate conditions encountered clinically at wire-bracket interface.
The previous studies did not try to simulate immersion time to clinical exposure in any way. [14] [15] [16] [17] 20] It was arbitrarily taken to be ranging from one to three days. The immersion time of 90 minutes was selected based on the studies that considered this time to be corresponding to 1-minute daily exposure to fluoride agents for the period of three months. [19, 21] Also, this was considered to be more appropriate as this is the average time wire will stay in the mouth during orthodontic treatment.
The results of the study indicated that there was no statistically significant change in load-deflection characteristics of different wires on immersing in Phosflur and S-Flo mouth rinse as compared to control using modified bending test. There was lot of variation in between studies available regarding the type of solution selected, pH of the solution, immersion time, mechanical properties evaluated, and the methodology involved which did not allow direct comparison of the results. [9] [10] [11] [12] 14, 16, 17] that fluoride ions in the acidic solution combines with hydrogen ions forming HF. H 3 PO 4 +3NaF = Na 3 PO 4 +3HF HF degrades or dissolves the protective oxide layer that leads to corrosion and hydrogen embrittlement which is responsible for degradation in mechanical properties of the wires. [14] [15] [16] [17] 20] The amount of HF produced depends on pH, [9, 17, 20] temperature, [20] and fluoride concentration. [9, 17, 20] Phosflur mouth rinse has 0.05% NaF and pH of 4.39. S-Flo mouth rinse has 0.2% NaF and pH of 5.28. The amount of HF in previous studies at comparable pH and fluoride concentration was found to be ranging from 17-21 ppm at which corrosion resistance of Ti was maintained. [10, 20] Even Stjáer et al. [31] revealed the presence of titanium oxide as surface layer in control and mouth rinse samples which got disrupted only in presence of 1% NaF solution. It can be suggested that HF concentration in the present study was not sufficient to cause degradation of titanium oxide layer.
It was confirmed in previous studies
The results of the study are similar to findings of an in vivo study by Ramalingam et al. [30] who did not demonstrate significant change in unloading elastic modulus and yield strength (using three-point bending test) of clinically retrieved (after 30 days) Ni-Ti wires in patients using Phosflur rinse.
In NaF of similar concentration and similar pH as the present study, two studies [16, 17] had demonstrated deterioration in the mechanical properties of Ni-Ti and β-Ti wires, respectively. In contrast, their immersion time was more and the mechanical properties (delayed fracture test [16] and tensile strength test [17] ) were evaluated in different manner.
Previous studies [14] [15] [16] [17] 19, 20, 21] showed deterioration in mechanical properties in high concentration fluoride preparations. Low concentration mouth rinses selected for the study stresses on the role of fluoride concentration in causing mechanical deterioration.
Many of the previous studies had used laboratory fluoride preparations [9] [10] [11] [14] [15] [16] [17] 20] instead of commercially available mouth rinses or gels that had additives along with fluorides in them. Huang [32] and Stjáer et al. [31] did not demonstrate increase in surface roughness of Ni-Ti wires and Ti metal discs on immersing in mouthwashes, low concentration fluoride gels, and high concentration fluoride gel, respectively. It was suggested in both these studies that additives in commercial preparations might impede the formation of HF. This explanation could hold true for the present study as well where commercially available mouth rinses were used.
It had been demonstrated that corrosion resistance of copper Ni-Ti wires was maintained [12, 20, 29, 33] and there was no significant change in mechanical properties [19, 30] of these wires in presence of fluorides irrespective of its concentration and pH. It had been suggested that copper content in these wires acted as a relative inhibitor of reducing acids like HF and increased copper concentration at alloy/oxide interface protected the alloy from subsequent hydrogen absorption and degradation. [19] Hence, no degradation was observed in copper Ni-Ti wires in presence of fluoride rinses.
The degradation in mechanical properties of S.S wires was attributed to stress corrosion cracking and hydrogen embrittlement in the high concentration acidic or even neutral fluoride preparations in previous studies. [15, 21] Considering these facts, it can be stated that low concentration mouth rinses used in the present study did not alter the loaddeflection characteristics of S.S wires.
Within the limitations of this in vitro study, it can be stated that fluoride mouth rinses did not alter the load-deflection characteristics of different archwires in statistically significant manner. Hence, commercially available fluoride mouth rinses can be prescribed safely if the factors influencing its effect on mechanical behavior of archwires are understood properly.
It should also be understood that the effect of fluorides depends on concentration, pH of the solution used, and the immersion time. Though dilution by saliva will result in shorter exposure to fluorides everyday compared to constant exposure to mouth rinses in the study, but caution should be taken in patients when the same wire is in mouth for pronged periods-especially when prescribing Phosflur mouth rinse. Ni-Ti wires can remain in mouth for longer periods in leveling and alignment of severely crowded arches. In such conditions, copper Ni-Ti wires can be considered as an alternative.
As role of saliva cannot be ignored, further studies could be directed at using fluoride agents mixed in some measured ratio with artificial saliva. To confirm the findings of any in vitro study, it is suggested to carry out a clinical trial and retrieving the wires after different time intervals to assess mechanical properties or hydrogen absorption of the retrieved wires.
